Studies showed that physical exercise decreases the risk of developing Parkinson's disease (PD) as slowing its progression. Nitric oxide (NO) increases in the substantia nigra pars compacta (SNpc) of individuals with PD. However, no study has evaluated the effects of exercise on peripheral NO levels and its modulatory effects on cardiovascular dysfunctions of subjects with PD. Trained (T) or sedentary (S) animals underwent stereotactic surgery for bilateral 6-hydroxydopamine (6-OHDA) or vehicle microinfusion (Sham group). After 6 days, the animals were catheterized for baseline parameters, followed by inhibition of NOS by Nw-nitro-arginine-methyl ester (L-NAME,
Introduction
Parkinson's disease (PD) is characterized by loss of dopaminergic neurons in the substantia nigra pars compacta (SNpc), responsible for most disease-related motor dysfunctions [1, 2] . However, patients also present dysautonomia that compromise their quality of life [3] . Among these are: postural and postprandial hypotension, blood pressure (BP) lability, fatigue and intolerance to exercise [4] . Previous studies in animals with bilateral 6-hydroxydopamine (6-OHDA) injury, showed a decrease in mean arterial pressure (MAP) and heart rate (HR) parameters, accompanied by reduced modulation of systolic blood pressure ( [5] ). In addition, responses to baroreflex and chemoreflex are altered in these animals [6, 7] . Clinical studies observed that PD patients have lower heart rate variability (HRV) and baroreflex sensitivity (BRS) [8] .
Regular exercise promotes several beneficial effects, such as: increased mitochondrial energy production, stimulating antioxidant defenses, reducing inflammation, resting bradycardia, angiogenesis and synaptogenesis, improved baroreflex gain and sensitivity, and autonomic modulation ( [9] [10] [11] [12] [13] . Animals that exercise before (12 weeks) and after (8 weeks) the 6-OHDA injury have a lower decrease in tyrosine hydroxylase (TH) [13] . Mice that underwent a swimming protocol for 4 weeks before exposure to 6-OHDA presented lower generation of reactive oxygen species (ROS), reduction of levels of IL-1β, reduced production of glutathione reductase (GR) and glutathione-S-transferase (GST) [14] . Also, physical exercise for 4 weeks promotes angiogenesis in the brain of mice with chronic Parkinsonism [15] . Thus, physical exercise could work as a non-pharmacological therapy to patients with PD. Nitric oxide (NO) is involved in processes leading to neurodegeneration in Parkinson's disease [16, 17] . Administration of NOS inhibitors, such as Nw-nitro-arginine-methyl ester (L-NAME) attenuates the decrease of dopamine (DA) by unilateral injection of 6-OHDA [50] . Furthermore, inhibition of nNOS protects against damage of dopaminergic neurons and decreases motor behavior and dyskinesia induced by L-DOPA in parkinsonian rodents [18] . The NOS isoforms appear to behave differently in PD. In the case of nNOS, the degeneration of dopaminergic neurons leads to a decrease in nNOS concentrations in the substantia nigra [19] , whereas the administration of MPTP in mice leads to a significant elevation of iNOS [20] . In humans, increased iNOS expression in SNpc was found in brain postmortem samples from individuals with PD [21] .
Considering that physical exercise benefits PD patients, and studies that relate parkinsonism with cardiovascular dysfunctions did not evaluate NO participation in the cardiovascular system, the goal of this study was to evaluate the effects of previous physical training in cardiovascular dysfunction, NO concentrations in the cardiovascular system of rats induced to parkinsonism by bilateral infusion of 6-OHDA in SNpc.
Material and methods

Ethical approval
Adult Wistar male rats, weighing between 200 and 250 g at the beginning of the protocol, were maintained in an environment with adequate temperature and ventilation (22 ± 1°C) in a light-dark cycle of 12 h. The animals had water and food ad libitum. The experiments were conducted during the light phase of the cycle. All experimental protocols are in agreement with the Brazilian Society of Laboratory Animals Science (CONCEA) and were approved by the Animal Use Ethics Committee of the State University of Londrina (process number: 19653.2016.42).
Physical exercise
Animals were divided into 4 experimental groups: sedentary Sham (Sham S); sedentary 6-OHDA (6-OHDA S), trained Sham (Sham T) and trained 6-OHDA (6-OHDA T). The animals that underwent exercise training (ET) followed the swimming protocol according to MartinsPinge et al. [22] . The protocol consists of 20 sessions (4 weeks) of 1 h of swimming per day, for 5 days/week. In the first week, there is an adaptation period, with a gradual increase in swimming time up to 1 h, starting with 15 min on the first day, followed by 30 min on the second day, 45 min on the third and 1 h on the fourth day. The swimming protocol occurred during the morning in a glass tank (100X60X50 cm) containing water heated to 31 ± 1°C and depth of 40 cm (water).
Stereotaxic surgery
After ET or sedentarism, the animals were submitted to anesthesia with Ketamine Hydrochloride and Xylazine Hydrochloride (100 and 6.7 mg/kg, ip; Ceva Santé Animale, São Paulo, Brazil) for induction of 6-OHDA Parkinsonism. They were placed in a stereotaxic device (David Kopf), and perforations in the skull of the animals were performed with a low-rotation drill, allowing the microinfusion of 6-OHDA neurotoxin (6 mg/mL in 0.2% ascorbic acid in sterile saline solution) directly into the SNpc. For this procedure, the following stereotaxic coordinates were used as reference, from bregma: -5.0 mm bregma; lateral (LL) ± 2.1 mm of the midline; dorsoventral (DV), -8.0 mm of the skull [23] . The microinfusion was performed with the aid of a 30 gauge needle connected to a polyethylene tube adapted to a 10 μL microsyringe (Hamilton, USA) fitted into an infusion pump. After infusion of the toxin (3 min), the needle remained in place for another 2 min to prevent reflux of the substance. After the surgery, the animals were kept in a temperature-controlled chamber until they recovered from the anesthesia. At the end of the surgery, all the animals received prophylactic doses (30,000 IU) of veterinary pentabiotic (FontouraWyeth, Brazil) and were allowed 6 days for recuperation. The Sham group underwent the same surgical procedure, but with the infusion of the vehicle solution [24] .
Catheterization of femoral artery and vein
After 6 days of the stereotaxic surgery, the animals were submitted to anesthesia with Cetamine Hydrochloride and Xilasine Hydrochloride (100 and 6.7 mg/kg, ip; Ceva Santé Animale, São Paulo, Brazil) for chronic catheterization surgery of the femoral artery and vein, with the goal of monitoring the blood pressure (BP) and heart rate (HR) in the conscious state.
Measurement of cardiovascular parameters
After 24 h of catheterization, baseline cardiovascular parameters were obtained for at least 30 min prior to initiation of the experimental protocol. Mean arterial pressure (MAP) and HR were recorded with a pressure transducer (MLT0830) coupled to the Powerlab system4/20 T data acquisition system (ADInstruments®). During recording, the animals were not anesthetized. After baseline recording, a 0.9% saline bolus injection (1 mL/kg) was administered, followed after 10 min by an in bolus injection of L-NAME (10 mg/kg -from Santa Cruz Biotechnology®, Texas, USA), a selective inhibitor of calcium-dependent isoforms (ie, cNOS) [25, 26] . After 2 h of recording, the animals were euthanized by decapitation and brain tissue samples were isolated. The striatum of each animal was dissected manually and weighed, thus guaranteeing homogeneity. Samples were stored at −80°C until further analysis.
Determination of striatal DA levels by high-performance liquid chromatography (HPLC)
The striatal tissue was homogenized in 0.1 M perchloric acid. After sonication, the homogenates were centrifuged at 13,000 rpm for 10 min at 4°C and 30 μL of the supernatant were automatically injected into the chromatography system, according to Ariza and collaborators [5] . The concentrations of the substances were corrected by the mass of the tissue samples that were dissected and were expressed as nanograms of the substance per milligram of tissue. This determination confirms the efficacy of 6-OHDA injury in the SNPc, characterized by a decrease of at least 50% in striatal DA levels.
HR and systolic arterial pressure (SAP) variability
The 10 min recording of arterial pressure from basal were processed with the LabChart 7 Pro computer program (ADInstruments), which was able to detect the inflection points in the pulse pressure that generated a beat-by-beat time series of pulse interval (PI) and SAP. The time-frequency domain (PI and SAP variability) and power spectra were performed with a custom software (CardioSeries V2.4, http://www. danielpenteado.com). For the power spectral analysis of the PI and SAP variability, the beat-by-beat series of these parameters were resampled with data points every 100 ms by cubic spline interpolation (10 Hz). Then, the interpolated series were divided into half-overlapping segments of 512 points. The segments were visually inspected, and the data points affected by artifacts or nonstationary data were excluded from the analysis. Next, a Hanning window was used to attenuate the side effects, and spectra were calculated for all of the segments with a fast Fourier transform algorithm for the discrete time series. The spectra were integrated into low-frequency (LF; 0.2-0.75 Hz) and high-frequency (HF; 0.75-3 Hz) bands, and results were expressed in absolute (ms 2 or mm Hg 2 ) and normalized units (nu). Normalized values were obtained by calculating the percentage of LF and HF power with regard to the total power of the spectrum minus the very low frequency band (VLF; < 0.2 Hz) power. To determine the cardiac sympathovagal balance, we calculated the ratio between the powers of the LF and HF bands (LF/HF) of the PI spectrum [27, 28] .
Spontaneous baroreflex analysis
Baroreflex sensitivity (BRS) was evaluated by the sequence method with a custom software (CardioSeries V2.4, http://www. danielpenteado.com). The beat-to-beat time series of the PI and SAP values were used in the BRS analysis, these values were scanned searching for of four or more beats in which progressive increases in SAP were accompanied by progressive increases in PI or progressive decreases in SAP were accompanied by progressive reductions in PI. To detect the changes in SAP and PI, thresholds of 0 mm Hg and 0 ms, respectively, were used. A baroreflex sequence was used only when the correlation coefficient (r) between SAP and PI was ≥0.8. The BRS was determined from the slope of the linear regression between the SAP and PI of each baroreflex sequence. For this study, we evaluated baroreflex all gain, baroreflex up gain and down gain.
Nitrite concentration measurement
For the determination of NO concentration, different animals used in the other protocols were used. These animals were euthanized on the seventh day after stereotactic surgery and, in addition to the striatum that was removed to evaluate the efficacy of the lesion, they had the heart, aorta, right kidney, adrenal and plasma collected and stored in freezer −80°C. The indirect concentration of the NO was determined by quantifying nitrite (NO 2− ) after treatment of the sample with cadmium by Griess's colorimetric reaction [29] .
Statistical analysis
The results were evaluated in relation to the normality of the data through the Shapiro Wilk test. For variables that presented normal distribution, parametric analysis was conducted and values are presented as mean ± standard error of the mean (SEM). The two-hour response graphs were analyzed by two-way ANOVA for repeated measurements (two-way RMANOVA), followed by the Bonferroni post-test. For data that presented normal distribution and homogeneity of variance, ANOVA One-Way, followed by Bonferroni test was used. For nonparametric data, multiple comparisons were performed using the Kruskal-Wallis test followed by the Dunn test and values were plotted as the median (interquartile range values). The results were analyzed using the statistical program GraphPad Prism, 5th edition, and the differences were considered significant for a value of p < 0.05.
Results
Determination of striatal DA concentrations
Neurochemical analysis indicated that DA concentrations in both 6-OHDA S and 6-OHDA T groups were lower when compared to Sham S and Sham T (p < 0.0001). These results indicated a decrease of the DA > 50%, confirming the efficacy of the lesion in rats submitted to 6-OHDA bilateral infusion (Fig. 1). 
Concentrations of plasma and tissue nitrite
From the indirect dosage of NO, it can be observed in Fig. 2 that there was an increased nitrite in the aorta of 6-OHDA S rats in relation to Sham S, and there was a decrease in NO concentrations in 6-OHDA T rats when compared to 6-OHDA S and Sham T (p < 0.05).
For the heart, there was an increase in the Sham T group when compared to the Sham S and a reduction in NO in the 6-OHDA T group compared to the Sham T group (p < 0.05). There was no significant difference between groups in plasma NO concentrations.
In relation to the kidney, we observed a reduction of NO in the animals 6-OHDA S and Sham T in relation to the Sham S. In adrenal, there was a lower concentration of NO in the 6-OHDA T group than 6-OHDA S.
3.3. Analysis of baseline cardiovascular parameters and after intravenous injection of saline (1 mg/kg) or L-NAME (10 mg/kg)
The baseline values for MAP, HR, systolic arterial pressure (SAP) and diastolic arterial pressure (DAP) for each group were obtained as the mean value of at least 10 min of baseline recording for each animal. The data showed that there was lower MAP and SAP in 6-OHDA T animals than in Sham T (p < 0.05). Also, baseline HR was decreased in Sham T and 6-OHDA T animals relative to their controls, Sham S and 6-OHDA S, respectively (p < 0.05) ( Table 1 ). Animals that underwent physical training had resting bradycardia after 4 weeks of swimming.
A bolus injection of 0.9% saline (1 mg/kg) was performed after 30 min of baseline MAP and HR, and after 10 min the bolus injection of L-NAME (10 mg/kg) was performed, followed of 2 h recording for cardiovascular parameters. The analysis was performed considering baseline values at time −20. At time −10, saline administration was performed and at time 0, administration of L-NAME. The temporal evolution of the mean values of MAP and HR between the experimental groups after in bolus administration of saline and L-NAME is shown in Fig. 3 .
After saline injection, there were no changes in the cardiovascular parameters of MAP and HR in all the experimental groups. Administration of L-NAME led to increased MAP and decreased HR for all animals (Fig. 3) .
It can be observed in Fig. 3a that there was a lower increase in MAP at time 20 in the 6-OHDA S group compared to Sham S (p < 0.05). At times 5, 10, 40, 50 and 70 there was a lower increase in the MAP of the 6-OHDA T group compared to the Sham T (p < 0.05). Regarding HR (Fig. 3b) , there was a difference between Sham T animals with the Sham S group at times 30, 40, 80, 90 and 100 (p < 0.05). Moreover, between 6-OHDA T when compared to 6-OHDA S at times 50 to time 120. Trained animals maintained bradycardia for longer.
Analysis of HR and SAP variability and spontaneous baroreflex
Our results show a smaller variation in SAP time domain modulation of 6-OHDA S animals relative to Sham S (p < 0.05) (Fig. 4) . In the spectral analysis of LFabs and VLFabs of SAP, there was no difference between the groups.
For the Pulse interval, there was no statistical difference in the variance in the time domain modulation. In addition, there was no difference in the LF/HF ratio and in the normalized LF and HF components (Fig. 5) .
Regarding the Spontaneous Baroreflex, there was no difference between groups in the total gain; also in the "up" sequences and in the "down" sequences among the 4 groups (Fig. 6 ).
Discussion
The model of Parkinsonism by 6-OHDA infusion in SNpc, is a classic model, which presents behavioral and motor changes characterized of PD [24, 30] . In the present study, it can be observed that there was a decrease of > 50% in DA concentrations after 7 days of 6-OHDA infusion, which corroborates with other studies using the same model [5, 31] . This amount of depletion has been found in animal models that attempt to mimic the early stages of PD along with the onset of motor symptoms [30, 32] .
Swimming for 4 weeks prior to induction of Parkinsonism did not promote neuroprotection on the decrease of DA. Data from the literature using exercise in mice prior to the lesion also did not lead to the protection of dopaminergic neurons [33, 34] . Other studies, however, showed that physical exercise before and/or after MPTP or 6-OHDA lesion promote protective and beneficial changes in these animals [15, 35, 36] . Tillerson et al. showed neuroprotection using a different model with less loss of striatal DA, in which, the 6-OHDA lesion was unilateral and led to a decrease of approximately 25% DA [37, 38] . Our model induced a marked reduction of dopaminergic neurons bilaterally and in a short period of time. Gerecke and colleagues showed the importance of exercise time and intensity: in mice that performed spontaneous running for one month there was no protection; after 2 months there was partial protection and after three months, there was complete protection to the loss of DA by Parkinsonism induced by MPTP [39] . Thus, in animal experiments, appropriate time, duration and intensity may reduce the lesion induced by different toxins [40] .
Most studies involving models of Parkinsonism assess brain NO concentrations. Our data showed different concentrations of NO in the aorta, heart, adrenal and kidney between groups, and seems to be the first study to evaluate NO in the cardiovascular system of animals Table 1 Baseline parameters of mean arterial pressure (MAP), heart rate (HR), systolic arterial pressure (SAP) and diastolic arterial pressure (DAP) of sedentary animals or submitted to physical training, with or without 6-OHDA injury.
Sham S (n = 10) 6-OHDA S (n = 6) Sham T (n = 8) 6-OHDA T (N = 7) Values are expresses as mean ± SEM. The number of groups is between parentheses (ANOVA One-Way, followed by Bonferroni test). ⁎ p < 0,05 vs Sham S. # p < 0,05 vs 6-OHDA S. & p < 0,05 vs Sham T. Fig. 3 . Changes in time on mean arterial pressure (MAP) (A) and heart rate (HR) (B) after intravenous administration of saline (time −10) and L-NAME (10 mg/kg -time 0) in sedentary animals or submitted to physical training, with or without 6-OHDA lesion. induced to Parkinsonism. A study evaluating peripherally NO in the gastrointestinal system of animals induced unilaterally by 6-OHDA lesion showed a reduction in the expression of enteric nNOS [41] . It is possible that the nitrergic system may be involved in many other aspects of Parkinson's disease. In different studies it was shown that there is an increase in iNOS and a decrease of nNOS expression in the substantia nigra [19, 20] . In humans, an increase in iNOS expression was found in the SNPc in brain postmortem samples from individuals with PD [21] . Considering those differences in NOS expression, it is possible that increased NO in the aorta of 6-OHDA S animals may be due to increased iNOS expression. After 4 weeks of swimming, we observed an increase in NO in the heart, which may be due to increased eNOS, as regular physical activity leads to increases in eNOS gene expression and, subsequently, eNOS protein [42] . In our study, aorta, heart and adrenal gland of 6-OHDA T animals presented a decrease in NO. In humans with heart failure, a 6-month physical training program was effective in reducing iNOS expression in skeletal muscle [43] . It is suggested that physical exercise by swimming may have promoted this same effect in the control of NO production by iNOS in the aorta and in the heart of animals induced by 6-OHDA Parkinsonism. However, additional studies should be performed to evaluate the expression of the different isoforms in these different experimental groups.
In relation to the baseline cardiovascular parameters, there were no changes in the MAP and HR values of the 6-OHDA S groups in relation to Sham S, which corroborates with data from the literature using the same model [31] . The present study confirms previous data from the literature that swimming does not alter MAP values in rats, but induces resting bradycardia [10, 12, 44, 45] . In addition, it shows that this bradycardia remained present even after 7 days after the last day of swimming in both the Sham T group and the 6-OHDA T group in relation to their controls. Inhibition of NOS activity by L-NAME promoted hypertension and bradycardia in all groups, showing the tonic participation of NO in cardiovascular control. The dose of 10 mg/kg was chosen according to the study by Chen and Hu [46] , which observed the maximum response of MAP increase and HR decrease with this dose [46] . L-NAME undergoes hydrolysis and forms L-NG-nitroarginine (L-NNA), which interacts non-covalently with the three isoforms of NOS. When it binds with nNOS and eNOS, the binding is slower and time dependent, while with iNOS is rapidly reversed (reviewed by Vitecek et al. [26] ). Data in the literature show post-L-NAME hypertension in animals at the same dose and at the same time [25, 47] .
The response to L-NAME in MAP was influenced by the lesion, since in the curve there was a smaller increase of MAP after 20 min in the 6-OHDA S group compared to Sham S. Also, at times 5, 10, 40, 50 and 70 there was a smaller increase of the MAP of the 6-OHDA T group in relation to Sham T. As previously mentioned, L-NAME seems to be more involved with inhibition of the constitutive pathway, suggesting that eNOS nitrergic tonus is lower in animals injured by 6-OHDA that in Sham animals, regardless of physical training. In the response of HR to L-NAME, the response was influenced by physical training, since there was a difference between the Sham T group with the Sham S group at times 30, 40, 80, 90 and 100, and between 6-OHDA T in relation to 6-OHDA S at times 50 to 120 times. Considering that this protocol of physical exercise promotes a greater baroreflex sensitivity [12] , it is possible that after 4 weeks of swimming, trained animals were more able to instantaneously correct oscillations in MAP, improving cardiovascular homeostasis and maintaining bradycardia longer than sedentary ones, while BP remains above baseline.
Regarding HRV, data from the literature shows that animals induced to Parkinsonism by 6-OHDA showed reduced HRV and higher baroreflex activity [5] . HRV is a measure that can assess the ANS modulation under physical exercise and in pathological conditions. Changes in its patterns works as an indicator of health: a healthy person usually presents higher HRV, so the reduction of HRV works as an indicator of various diseases [48] . Our results show a smaller variation in SAP time domain modulation of 6-OHDA S animals relative to Sham S, which corroborates with data from literature. However, although we showed resting bradycardia after 4 weeks of swimming, there was no alterations in HRV and in baroreflex activity, which could be due to the fact that the analysis occurred after 8 days of the last swimming day. Also, there are non-autonomic components that influence reduction in resting heart rate, such as a decrease in the intrinsic heart rate [49] .
Conclusions
In summary, our data suggest that different isoforms of NO appear to be activated between the 6-OHDA and Sham groups, and physical exercise was able to modulate the amount of NO. In addition, it was possible to observe that the alterations in the response to L-NAME in the MAP were due to the lesion and the changes in the HR were consequent of the physical exercise. These functional effects may be related to the increase of NO in the aorta in the injured animals and provided a lower pressure increase after cNOS inhibition. On the other hand, the increase of NO in the heart of the trained animals is suggestive of the baroreflex effects on the HR, which could be reflected by the increased bradycardia in these animals to the increase in pressure.
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